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 Abstract 
  
A Variable Stability Flight Simulator is being developed in the School of Aerospace, 
Mechanical and Mechatronic Engineering at the University of Sydney, Australia. The 
device is being developed both as  a teaching tool for use in flight mechanics courses in 
the department and as a research tool. It is reasonable to state that learning is 
enhanced through the experience of concepts outside of the classroom environment. It 
is intended that the device will be integrated into the department’s teaching program in 
aircraft flight mechanics. 
 
Initial studies centred around a PC based flight simulation developed at the Cranfield 
College of Aeronautics in the United Kingdom.  This system utilises a distributed 
architecture with several computers connected via Ethernet. It also employs a Primary 
Image three channel visual system.  The system has been further enhanced by the 
addition of a Link flight simulator provided by the Royal Australian Air Force (RAAF). 
The RAAF had been using the simulator as a training tool for some years until it had 
become surplus to requirements. 
 
Most of the work in the project has centred around re-engineering this simulator into a 
viable research/education tool. The Cranfield system has been incorporated into the 
Link simulator’s hardware to provide a fixed base simulation. The majority of the work 
described in this thesis revolved around the re-engineering of the flight control loading 
and motion systems. Previously these items were controlled by analogue circuitry with 
minimal digital interfaces to the main simulation software. The systems have been re-
designed to replace much of the single model analogue circuitry with re-configurable 
digital control software. Doing so allows changes to be made to the systems in real time 
through a software interface. The software resides on a common computer that 
extensively interfaces with the rest of the simulation. 
 
 To support the hardware involved and to provide for system operation and safety, an 
extensive Supervisory system has also been implemented. This system along with the 
motion and control loading software has been implemented in the Matlab / Real-Time 
Workshop environment. This gives the capability of making real-time changes to any 
part of the overall simulation. A variable stability module (vsm) is under development. 
The addition of this module will allow changes to be made to the simulation itself in real-
time. 
 
The simulator is now functional with the motion and control loading systems operating 
as designed. Tuning of both systems has been done subjectively by the author. An 
initial objective analysis of the motion system has been undertaken in an attempt to 
verify the fidelity of the motion cues generated. A significant outcome of this project has 
been to create a safe, easily maintainable, re-configurable flight simulator from a large, 
complex, legacy system. The facility now forms a significant research and teaching tool 
in areas such as flight mechanics, propulsion, aircraft handling qualities and human 
factors. 
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Control Loading & Motion Target 
Cathode Ray Tube 
Commercial of The Shelf 
Center of gravity 
Circularvection 
DC 
DOF 
FMC 
HPU 
IG 
Direct current 
Degree of Freedom 
Flight Model Computer 
Hydraulic Power Unit 
Image Generator 
I/O 
IOS 
J / JB 
k 
LCD 
LV 
m 
OHS 
Input / Output 
Instructor operating system 
Junction / Junction block 
Spring stiffness 
Liquid crystal display 
Linearvection 
Otolith mass 
Occupational Health & Safety 
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phi, theta, psi 
SCADA 
TB 
Ta 
TL    
u,v,w  
VASI 
VIS 
VSM & CMH 
x0 
xh 
ξe 
ξ h 
θ 
π 
∆ 
]r,q,p[=ω  
Euler angles 
Supervisory Control & Data Acquisition 
Terminal block 
Adaptation time constant 
Time constant relating to Type 1 hair cells 
Aircraft body axis velocities 
Visual approach slope indicator 
Visual computer 
Variable Stability Module & Control Loading & Motion Target 
Displacement of the otoconia relative to the macula 
Displacement of the head. 
Angular displacement of the endolymph 
Head angular acceleration 
The effective moment of inertia of the endolymph 
Viscous damping coefficient of the endolymph in the canal 
Torsion spring stiffness due to cupula elasticity 
Omega = pitch rate, roll rate and yaw rate 
 
 
